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http://dx.doi.org/10.1016/j.jprot.2013.06.022A B S T R A C TAvailable online 25 June 2013 The necrotrophic fungus Botrytis cinerea is a very damaging phytopathogen of wide host
range and environmental persistence. It is difficult to control because of its genetic
versatility, expressed in themany phenotypical differences among isolates. The genomes of
the B. cinerea B05.10 and T4 strains have been recently sequenced, becoming amodel system
for necrotrophic pathogens, and thus opening new alternatives for functional genomics
analysis. In this work, the mycelium and secreted proteome of six wild-type strains with
different host range, and grown in liquid minimal medium, have been analyzed by using
complementary gel-based (1-DE and 2-DE) and gel-free/label-free (nUPLC–MSE) approaches.
We found differences in the protein profiles among strains belonging to both the mycelium
and the secretome. A total of 47 and 51 variable proteinswere identified in themycelium and
the secretome, respectively. Some of them, such asmalate dehydrogenase or peptidyl-prolyl
cis–trans isomerase from the mycelium, and endopolygalacturonase, aspartic protease or
cerato-platanin protein from the secretome have been reported as virulence factors, which
are involved in host-tissue invasion, pathogenicity or fungal development.
Biological significance
The necrotrophic fungus Botrytis cinerea is an important phytopathogen ofwidehost range and
environmental persistence, causing substantial economic losses worldwide. In this work, the
mycelium and secreted proteome of six B. cinerea wild-type strains with different host range
have been analyzed by using complementary gel-based and gel-free/label-free approaches.
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196 J O U R N A L O F P R O T E O M I C S 9 7 ( 2 0 1 4 ) 1 9 5 – 2 2 1and secreted proteins. A high number of hypothetical proteins with conserved domains
related to toxin compounds or to unknown functions were identified, having qualitative
differences among strains. The identification of hypothetical proteins suggests that the B.
cinerea strains differmostly in processes involved in adaptation to a particular environment or
a growth condition, rather than in essential metabolic reactions. Proteomics can help in the
identification of variable proteins related to the infection and colonization of host plant
tissues, as well as of virulence and aggressiveness factors among different B. cinereawild-type
strains.
This article is part of a Special Issue entitled: Trends in Microbial Proteomics.
© 2013 The Authors. Published by Elsevier B.V. All rights reserved.1. Introduction
Botrytis cinerea [telemorph Botryotinia fuckeliana (de Bary)
Whetzel], the causal agent of the “grey mold” disease, is a
devastating necrotrophic pathogen. It infects more than 200
crop species [1], andcauses important yield losses [2]. The recent
release of the genome sequences of the B05.10 (Botrytis cinerea
Sequencing Project, Broad Institute of Harvard and MIT; http://
www.broadinstitute.org/annotation/genome/botrytis_cinerea/
MultiHome.html; [3]) and the T4 strains (Botrytis cinerea genome
project, URGI, Genoscope; http://urgi.versailles.inra.fr/Species/
Botrytis) has opened up new opportunities and perspectives for
basic research through functional genomics. This, together with
the feasibility of obtaining knockout mutants [4] or achieving
gene silencing [5,6], is contributing to the understanding of its
pathogenicity, virulence and aggressiveness.
This fungus uses sophisticatedmechanisms to kill host cells,
such as the secretion of cell wall-degrading enzymes (CWDEs),
the production of non-specific phytotoxic metabolites (botrydial
and botcinolides), and the stimulation of an oxidative burst due
to the accumulation of reactive oxygen species (ROS) [2,7,8].
Unlike other phytopathogens, B. cinerea reveals a high variability,
being a complex species in which distinct populations could
adapt themselves to different hosts; besides, this could be linked
to its necrotrophic and polyphagous behavior [9]. Thus, B. cinerea
field populations are known for several features, namely: their
genetic versatility regarding their aggressiveness on different
plant species, the oxidative burst occurring during infection,
their spectra of produced phytotoxins, their resistance to
fungicides, and their preferred mode of reproduction [10–16].
Field populations represent natural collections of genotypes
and phenotypes that arise by random mutations resulting in
single-nucleotide polymorphisms or even in chromosome
rearrangements. This variation has been studied using restric-
tion fragment length polymorphism [13], the presence or
absence of transposable elements [17,18], random amplification
of polymorphic DNA markers [19], amplified fragment length
polymorphisms [20], and microsatellites [21–23], among other
molecular typing techniques. Even so, the genetic basis for
this variability has not been elucidated yet, and different
nonexclusive hypotheses are under investigation [9]. Despite
the broad genetic variability of B. cinerea field populations, the
last genome update of the strains B05.10 and T4 showed a high
percentage of gene alignment [3]. The gene-finding strategy
resulted in 10427 and 10467 protein-coding gene structures forthe B05.10 and T4 strains, respectively. The comparison of these
gene structure predictions for the B05.10 to those in the T4 strain
showed that 88.6% of the predicted genes (9211 of 10401) in the
T4 had a completematch in the B05.10 strain.Moreover, 96.5% of
the T4 genome and 97.3% of the B05.10 genome could be aligned
[3], thus one hypothesis about the genomic versatility could be
the fungal flexibility at protein level. Thiswould allow the fungus
adaptability to use different attack mechanisms depending on
the host.
Proteomics, based on a combination of 2-DE followed by
MS analysis, is a key research tool to study microbial
pathogens. Moreover, proteomics has been directed to catalog
mycelial, conidial, sclerotial, and secreted proteins across a
range of fungal species by establishing reference proteome
maps [24]. This information is reliable and relevant to host–
pathogen interactions because of the biological functions
these proteins hold [25]. A few proteomic analyses have
been carried out both in B. cinerea mycelium and secretome
(from B05.10, CECT2100, 1.11 wild-type and BcAP8 mutant
strains), using mainly conventional 2-DE or 1-DE coupled
to LC–MS/MS [24]. Nevertheless, a few studies have been
performed using gel-free shotgun strategies to identified and
quantified fungal proteins [24]. Our group carried out a
previous study in B. cinerea B05.10 and T4 strain mycelium.
In this study, we introduced label-free shotgun nUPLC–MSE
methodology to complement the 2-DE-MS-based approach
and assessed this methodology for protein identification and
quantification for this kind of samples [26]. A total of 225 (48
unique) and 170 (7 unique) protein species were identified by
nUPLC–MSE in the B05.10 and T4 strains, respectively. Simi-
larly, 129 protein species were quantified. Significant differ-
ences in protein abundance were found with 15 more and 16
less abundant protein species in the B05.10 than in the T4
strain. A total of 29 qualitative and 15 significant quantitative
differences were found using 2-DE.
The aim of this study was to analyze themycelium and the
secreted proteome from six B. cinerea wild-type strains
isolated from different hosts using both gel-based (1-DE and
2-DE combined with MALDI-TOF/TOF MS/MS) and gel-free/
label-free (nUPLC–MSE) approaches, in an attempt to deepen
on the knowledge of the biology and phenotypic variability of
this fungus. Some of the variable proteins identified, includ-
ing malate dehydrogenase or peptidyl-prolyl cis–trans isom-
erase from mycelium, and endopolygalacturonase, aspartic
protease or cerato-platanin protein from secretome, have
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invasion, pathogenicity or fungal development [24].2. Materials and methods
2.1. Fungal strains and growth conditions
B. cinerea B05.10 and T4 strain mycelium (kindly provided by
Dr. Julia Schumacher and Dr. Paul Tudzynski from the
University of Münster, Germany), and CECT2100, CECT2850,
CECT2996 and CECT20518 (from the Spanish Type Culture
Collection) (Table 1) were used. Three independent (biological)
replicates, each one corresponding to 500 mL flasks contain-
ing 150 mL of modified Czapek–Dox (CD) minimal medium
(2% [w/v] sucrose; 0.3% [w/v] NaNO3; 0.1% [w/v] K2HPO4; 0.05%
[w/v] KCl; 0.05% [w/v] MgSO4·7H2O; pH 5.0), were inoculated
with ground mycelium. This was taken from solid potato
dextrose agar plates grown on cellophane membrane at 21 °C
for 3 days in darkness. Then the cultures were grown at 21 °C
for 6 days with agitation (120 rpm) in the dark. Mycelia and
media were harvested by filtration, frozen in liquid nitrogen,
and lyophilized. Dry mycelia were ground to a fine powder
with liquid nitrogen using a mortar and pestle, and then kept
at −80 °C.
2.2. Protein extraction, 1-DE and 2-DE
The lyophilized mycelium powder (50 mg) and media were
subjected to the TCA/acetone–phenol method of protein
extraction [30], as previously reported in [31,32]. The final pellet
from mycelia was dissolved in a solubilization solution (7 M
urea; 2 M thiourea; 4% [w/v] CHAPS; 0.5% [v/v] Triton-X100;
20 mM DTT). The three biological replicates from secretome
were grouped, and the final pellet was redissolved in 400 mM
NaHCO3 solution due to the low protein concentration. The
protein content was quantified by the Bradford method [33],
using BSA as a standard.
For 1-DE, 15 μg (BSA equivalents) of mycelium proteins,
and 1.5 μg of secreted proteins were separated according to
Laemmli [34], using the Criterion System (Bio-Rad) with
Criterion Stain Free™ precast Tris–HCl, 4–20% linear gradient
gels (Bio-Rad).
For mycelium 2-DE, IPG strips (11 cm, 5–8 pH linear
gradient; Bio-Rad) were passively rehydrated for 16 h with
50 μg (BSA equivalents) of mycelium protein in 185 μL of IEF
rehydration buffer (7 M urea; 2 M thiourea; 4% [w/v] CHAPS;Table 1 – The B. cinerea strains used in this study.
Strain Description
B05.10 Obtained after benomyl treatment of a Vitis iso
T4 Isolated from tomato plants grown in a glassho
CECT2100 Isolated from leaf of Vicia faba (United Kingdom
CECT2850 Isolated from saffron bulb (Spain)
CECT2996 Isolated from bean plant (United Kingdom)
CECT20518 Isolated from rotten grape (Spain)
a CECT (Spanish Type-Culture Collection; http://www.cect.org/).2% [v/v] IPG buffer 5–8; 100 mMDTT; 0.01% [w/v] bromophenol
blue), following the Bio-Rad protocol. The strips were loaded
onto a Bio-Rad Protean IEF Cell system, and IEF was performed
according to Fragner et al. [35], with some modifications to
remove interfering compounds: 150 V for 1 h, 250 V for 1 h,
1 h at 500 V, 1000 Vh at 1000 V, followed by 2.5 h gradient
from 1000 to 8000 V, and finally focused on 20000 Vh at
8000 V. The maximal current per strip was set at 50 mA. The
focused samples were stored at −20 °C. Prior to separation in
the second dimension, the strips were reduced and alkylated
according to Gorg et al. [36]. The second-dimension was
performed on precast Criterion Stain Free Gels, Tris–HCl,
8–16% linear gradient (Bio-Rad), using the Criterion Cell
system from Bio-Rad. Gels were run at 150 V until the dye
reached the bottom of the gel.
2.3. Image capture, analysis and statistics
Images were captured and digitized using the Criterion Stain
Free™ Imager (Bio-Rad). On the one hand, for 1-DE, images
were analyzed with Image Lab™ software (Bio-Rad). Volumes
of each band were normalized respect to a line present and
with the same intensity in over the whole strain, assigning
the value 100 to such line.
On the other hand, for 2-DE, images were analyzed with
PDQuest™ 8.0.1. software (Bio-Rad) by using 10-fold over
background as minimum criteria for presence/absence for the
guided protein spot detection method. A spot-by-spot visual
validation of automated analysis was done thereafter to
increase the reliability of the matching, focusing on those
spots which were present in all three biological replicates.
Prior to statistical and phylogenetic analyses, the number of
pixels for each spot was normalized according to the total
volume of valid spots in each gel, and then they were
log-transformed. The web-based software NIA array analysis
tool [37] (available at http://lgsun.grc.nia.nih.gov/anova/index.
html) was utilized for statistical analysis; whereas treatment
and cluster analysis of protein abundance values were carried
out using the recommendations described by Valledor and
Jorrin [38]. Data were statistically analyzed using the param-
eters defined by Brumbarova et al. [39]. This software tool
selects statistically valid protein spots based on analysis of
variance (ANOVA). Our data were statistically analyzed using
the following settings: error model ‘max (average, actual)’,
0.01 proportions of highest variance values to be removed
before variance averaging, 10 degrees of freedom for the
Bayesian error model, 0.05 FDR thresholds, and zero permu-
tations. The data set consisting of relative abundance valuesConidiation Reference
late (Germany) Yes [27,28]
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component analysis (PCA) using the following settings:
covariance matrix type, five principal components, 2-fold
change threshold for clusters, and 0.5 correlation threshold
for clusters. PCA results were represented as a biplot. A
multivariate analysis was carried out by a hierarchical
clustering to check the entire data set, and the results were
represented as a dendrogram using the cluster function of the
software. Quantitative differences were considered with False
Discovered Rate (FDR) < 0.05, and 0.5 > R > 2, where R is the
ratio B05.10/T4 of the pixel volume of normalized spots.
Experimental pI was determined using a 5–8 linear scale
over the total length of the IPG strip. Mr values were
calculated by mobility comparisons with protein standards
markers (Precision Plus All Blue Standards, 161-0373, Bio-Rad)
run in a separate lane in the gel. Gels were stained with
Colloidal Coomassie to visualize the spots [40].
2.4. Analysis by MALDI-TOF/TOF mass spectrometry
Band and spots were automatically excised by using the
Investigator ProPic station (Genomic Solutions), and digested
withmodified porcine trypsin (sequencing grade; Promega), by
using an automatic ProGest digestion station (Genomics
Solution) according to Schevchenko et al. [41] with minor
variations. The conditions were as follows: twice destained
steps for 30 min with 200 mM ammonium bicarbonate in 40%
ACN at 37 °C; twice washed with 25 mM ammonium bicar-
bonate for 5 min, and 25 mM ammonium bicarbonate in 50%
ACN for 15 min, respectively; dehydration with 100% ACN for
5 min and sample dried; hydration using 10 μL trypsin in a
solution of 25 mM ammonium bicarbonate at a final concen-
tration of 12.5 ng/μL for 10 min at room temperature, and then
the digestion was proceeded for 12 h at 37 °C. Subsequently,
the digestionwas stopped by adding 10 μL of a solution of 0.5%
TFA in water. Tryptic peptides were purified in an automatic
ProMS station (Genomic Solutions) by using a resin C18
microcolumn (ZipTip, Millipore), and they were eluted directly
with a matrix solution (α-cyano hydroxycinnamic acid at a
concentration of 5 mg/mL in 70% ACN/0.1% TFA) on MALDI
plaque in 1 μL of final volume. After the cocrystallization on
plaque, samples were analyzed by MALDI-TOF/TOF mass
spectrometry to obtain the peptide mass fingerprinting (MS)
in a 4800 Proteomics Analyzer (Applied Biosystems). The
settings were as follows: 800 to 4000 m/z range with an
accelerating voltage of 20 kV in reflectron mode, with delayed
extraction set to “on”, and an elapsed time of 120 ns. Spectra
were internally calibratedwith peptides from trypsin autolysis
(M + H+ = 842.509, M + H+ = 2211.104) with an m/z if detected
within a tolerance of +20 ppm compared with that of the
theoretical value. The eight most abundant peptide ions
(precursors with a signal/noise above 35, and excluding
those one within 200 of resolution) were subjected to MS/MS
analysis, providing information useful to define the pep-
tide sequence. A combined search (PMF and MS/MS) was
performed with GPS Explorer™ software v3.5 (Applied
Biosystems) over NCBI non-redundant (nr) database using
the MASCOT search engine (Matrix Science Ltd., London;
http://www.matrixscience.com). The database search was
performed according to the following parameters: taxonomyrestrictions to Fungi (version 2010_11; 641399 sequences), one
missed cleavage sites, 100 ppm mass tolerance in MS and
0.5 Da for MS/MS data, cysteine carbamidomethylation as a
fixed modification, and methionine oxidation as a variable
modification. The confidence in the peptide mass fingerprint-
ing matches (p < 0.05) was based on the MOWSE score (higher
than 71 and CI > 99.8%), and confirmed by the accurate
overlapping of the matched peptides with the major peaks of
the mass spectrum. Only hits to B. cinerea and S. sclerotiorum
were taken into consideration.
2.5. Analysis by nUPLC–MSE
For the B05.10 and T4 strain secretome analysis, 1 μg of protein
extract was precipitated with 2-D Clean-Up (GE Healthcare),
according to the manufacturer's instructions. The pellet was
resuspended in 0.1% RapiGest (Waters Corporation), reduced
with DTT (5 mM), alkylated with iodoacetamide (15 mM), and
digested with trypsin (Roche Diagnostics) overnight at 37 °C.
MassPREP Enolase Digestion Standard (Waters Corporation)
was added as a standard for protein absolute quantification.
Data independent acquisition analyses were performedwith a
NanoAcquity UPLC System interfaced to a SYNAPT HDMS
(Waters Corporation). Five analytical replicates per strainwere
injected on column. A final volume of 4 μL (containing tryptic
peptides and 100 fmol of MassPREP Enolase Digestion Stan-
dard) was loaded onto a Symmetry 300 C18, 180 μm × 20 mm
precolumn (waters), and washed in a solution of 0.1% (v/v)
formic acid for 3 min at a flow rate of 5 μL/min. The precolumn
was connected to a BEH130 C18, 75 μm × 200 mm, 1.7 μm
(waters), equilibrated in a solution of 3% v/v ACN and 0.1% v/v
formic acid. The tryptic peptides were eluted with a 120-min
linear gradient from 3% to 40% v/v of ACN, followed by a
15 min linear gradient from 40% to 60% v/v of ACN. Mass
spectra were obtained using a data independent acquisition
mode (MSE) described by Silva et al. [42]. Briefly, 1 s alternate
MS acquisitions were performed at low (6 eV) and high (12–
35 eV ramping) collision energies, and the RF (radio frequency)
offset was adjusted such that the MS data were acquired from
m/z 350 to 1990. [Glu1]-fibrinopeptide B (Sigma-Aldrich) at a
concentration of 100 fmol/μL was sprayed through the
NanoLockSpray source, and sampled every 30 s. Obtained
spectra were processed with ProteinLynx Global Server v2.4
Build RC7 (Waters Corporation) using the doubly protonated
monoisotopic ion of [Glu1]-fibrinopeptide B for mass correc-
tion. Protein identification was obtained with the embedded
database search algorithm of the program [43]. Moreover,
B. fuckeliana (strain B05.10) UniProtKB database (version
2011_03), containing 16365 protein sequences and with no
ENO1_YEAST and TRYP_PIG sequences added, was used. For
protein identification, the following parameters were adopted:
carbamidomethylation of C as fixed modification; N-terminal
acetylation, N and Q deamidation andM oxidation, as variable
modifications; one missed cleavage, and automatic calcula-
tion of precursor and fragment error tolerances by ProteinLynx
Global Server. A maximum false positive rate of 4% was
allowed, however, by using replication as a filter. The false
positive rate is minimized, as false positive identifications
have a random nature and do not replicate therefore across
samples. Absolute protein quantification was obtained by
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peptides of the standard protein (100 fmol of MassPREP
Enolase Digestion Standard per sample) versus the sum of
the intensities of the 3most intense peptides of each identified
protein [44]. All proteins identified with at least 3 peptides and
present in the 3 replicates were only used for absolute
quantification. To normalize the protein quantification, dif-
ferences in percentage of the total amount of proteins among
the replicates of the same dilution were calculated. Protein
quantification values were equilibrated to apply the percent-
age to the replicate to a higher total amount. An additional
statistical analysis (t-test) was performed.
A proteinwas considered as identified if it was detected in at
least three of the five replicates, andwith at least three peptides
identified. When comparing the two strains, we considered a
protein as not present in one strain if it was not detected in any
replicate, while a protein was considered as present in one
strain if it was detected in at least 4 replicates. In the case of
protein quantification, only proteins present in at least three of
the five replicates with a minimum of three peptides were
considered. The amount of each quantified protein was
normalized versus the total quantified protein. Finally, only
differences with a ratio B05.10/T4 (R) 0.5 > R > 2, with CV < 25%,
and with a t-test (p < 0.05), were considered as significant. The
theoretical pIs were calculated using the ExPASy Compute
pI/Mw tool (http://web.expasy.org/compute_pi/).3. Results and discussion
The goal of this work was to analyze the mycelium and the
secreted proteome from six B. cinereawild-type strains isolated
from different hosts, using both gel-based and gel-free/
label-free approaches in order to deepen on the knowledge of
their biology and phenotypic variability. It is evidenced that
this phenotypic variability also depends on the carbon source
used in in vitro cultures, especially in the case of proteins
secreted by the fungus [45,46]. For this reason, we used the CD
minimal synthetic medium supplemented with sucrose as
a carbon source to analyze the fungal behavior in simple
experimental conditions.
3.1. Mycelium
Proteins were extracted from lyophilized mycelia using the
TCA/acetone–phenol precipitation method [31,32]. Protein
yield, depending on the strain, ranged from 6.3 (CECT2996) to
14.6 mg/g mycelium DW (B05.10) (Table 2). In the case of the
CECT2100 strain, the protein yield was higher than theTable 2 – Data related to protein yield using the TCA/acetone–p
obtained in mycelium by 2-DE analysis.
Strain Protein yield (mg/g DW) Total spots Consistent spo
B05.10 14.6 ± 3.2 557 ± 22 509
T4 9.4 ± 2.8 526 ± 18 481
CECT2100 8.7 ± 1.4 475 ± 13 395
CECT2850 7.9 ± 2.1 468 ± 23 420
CECT2996 6.3 ± 2.2 431 ± 26 359
CECT20518 6.4 ± 3.3 512 ± 31 406reported by other protocols (6.0 mg/g mycelium DW by TCA/
acetone precipitation of phosphate extract [47], to 8.7 mg/g
mycelium DW (Table 2)). These data coincided with the
results showed in a subsequent study, where the combined
use of TCA/acetone precipitation and phenol extraction
improved spot resolution, reduced streaking, and led to a
higher number of detected spots [48,49]. The high protein
content in the B05.10 strain may be derived from the
extraction method used, as well as from the own intrinsic
characteristics of mycelium among the different strains (e.g.,
facility to break the fungal cell wall and fungal intracellular
compounds which may affect the yield extraction) [31].
Nevertheless, this strain may also show a higher protein
biosynthesis and accumulation than the others under these
specific culture conditions.
Three biological replicates per strain were analyzed by
2-DE in the 5–8 pH range (Supplementary Fig. 1), since most of
the proteins concentrated in this interval [47]. A virtual
master gel representing all protein spots present throughout
all analyzed samples is shown in Fig. 1. After the normaliza-
tion of protein spot images using PD-Quest together with
manual verification to increase reliability, we initially
detected 401–579 well resolved spots. The CECT2996 strain
had the lowest (431 ± 26), while the B05.10 strain had the
highest number of protein spots (557 ± 22) (Table 2). Normal-
ized relative spot volumes were log-transformed according to
the recommendations given by Valledor and Jorrin [38]
(Supplementary Table 1). For statistical analyses, only consis-
tent spots (present in each of the three biological replicates
per population) were considered. Out of these 674 spots, 187
were common to all the strains, representing between 37 and
52% of the total amount in each strain (Table 2).
To analyze the biological variability associated with the
differences between extracts from independent culture batches,
the coefficients of variance (CV) of 75 random spots, which were
consistently present in all the replicates and covered the 5.5–7.5
pI and 15–160 kDa ranges, were analyzed (Supplementary Table
2). The CVs for each protein spot were averaged to give a
cumulative CV quoted as the average CV of the biological
data set. The average CV was between 29.3% for the B05.10
strain and 42.7% for the CECT20518 strain. The average CV
obtained for the CECT2100 strain (35.0%)was similar to the 37.5%
found in Fernandez-Acero et al. [47]. These ranges of CVs
were similar to those reported for bacteria, plants, mice or
human extracts for proteomic studies [50,51]. The use of at
least three biological replicates is sufficient to carry out this
study, as discussed in Valledor and Jorrin [38]. The average CVs
calculated for all the strains in this work were lower than those
calculated for the B. cinerea 1.11 strain (51.6%) [52]. The biologicalhenol method, and protein spots and biological variability







Fig. 1 – Virtual master 2-DE gel of mycelium extracts from B. cinerea wild-type strains. Proteins were separated on 11 cm,
pH 5–8 IPG strips (first dimension), and precast Criterion Stain Free Gels, Tris–HCl, 8–16% linear gradient (Bio-Rad) (second
dimension). On the left, position of the molecular weight marker proteins. Variable spots are numbered according to
Supplementary Table 1. Protein spots identified by MALDI-TOF/TOF MS/MS are indicated by green squares for the most
abundant spots (Table 4 and Supplementary Table 5), and by blue circles for spots with qualitative and statistically significant
quantitative differences (Table 5 and Supplementary Table 6).
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stability between natural andmodified strains. The B05.10 strain
was obtained after benomyl treatment of a Vitis isolate (strain
SAS56) to get a more stable strain [27]. The analysis of field
isolates of B. cinerea has showed that their DNA content per
nucleus varied considerably. This indicated that aneuploidy/
polyploidy is a widespread phenomenon in this species, as well
as the presence of multinucleated cells, supernumerary
chromosomes, and the influence of different extrachromosomal
elements such as transposable elements [11]. As a result,
this can explain both the variability and phenotypic instability
of the field isolates of this fungus, and the unusual difficultiesFig. 2 – Protein spot distribution among the six strains used in th
for each strain. (B) Total number of protein spots involved in eacfaced by researchers in recovering stable recessive laboratory
mutants [27].
For each strain, the larger part of the visualized proteome
consisted of spots that were present in the B. cinerea core 2-DE
profile (187 spots) (Fig. 2, Supplementary Table 3). On the one
hand, the B05.10 strain was the most divergent, presenting 44
strain-specific spots (8.6% of the total). On the other hand, the
CECT2850 strain showed only 7 strain-specific spots (1.7% of
the proteome). When the number of protein spots shared
among strains was considered, it became evident that most of
the spots were present in all the strains, with 112 being strain
specific (Fig. 2, Supplementary Table 3). This variability amongis study. (A) Distribution of unique and shared protein spots
h combination (1 unique and 6 present in all strains).
Fig. 3 – One-DE gel of mycelium extracts from B. cinerea
wild-type strains. Proteins were separated on precast
Criterion Stain Free Gels, Tris–HCl, 8–20% linear gradient
(Bio-Rad). On the left, position of the molecular weight
marker proteins.
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and differences in the protein profiles are shown (Fig. 3).
We used NIA array analysis tool for statistical analyses
(ANOVA, hierarchical clustering and PCA). A total of 674
consistent spotswere analyzed by ANOVA, and 487 qualitative
and 19 significant quantitative differences were found among
the six strains, respectively. The hierarchical clustering
analysis showed two clusters that separated the B05.10, T4
and CECT2850 strains from the CECT2100, CECT2996 and
CECT20518 strains (Fig. 4A). To obtain further information, a
data reduction to the whole dataset by means of PCA was
applied. The first five PCs accounted for 99.998% of the
biological variability (Supplementary Table 4). The use of
these components in a 2-D representation (plotting PC1 and
PC2) mainly allowed the effective separation of samples basedFig. 4 – Associations between experimental samples and protein
mycelium protein 2-DE data of the six B. cinerea strains. The PCA o
short distance between strains in the component space is indicaon the host-strain specificity (Fig. 4B, left). The PC1 (26.2%) split
the CECT2100 and CECT2996 strains from the B05.10, T4
and CECT2850 strains, whereas PC2 (22.6%) clearly separated
the B05.10 from the CECT20518 strain. PCA also provided
information on the relevance of each spot related to the
discrimination of different B. cinerea strains (Fig. 4B, right).
Correlationships between PCs and the variable spots are
indicated in Supplementary Table 4. Five of the spots showing
a high correlation (above |0.9| with PC) were identified after MS
analysis: spot 3712 (chaperone protein DnaK; not detected in
the CECT2100, CECT2996 and CECT20518 strains), spots 1006
and 7001 (esterase EkDa; not detected in the CECT2100 and
CECT2996 strains), and spot 5203 (mannitol dehydrogenase;
more abundant in the CECT2100 and CECT2996 strains) for
PC1; whereas spot 8412 (similar to phosphatidylserine decar-
boxylase and DFU946 and aerolysin-like toxin beta complex
domain-containing protein; only detected in the B05.10
and CECT20518 strains) for PC3. These proteins support the
differences found between the strains behavior depending on
the host (see more information about these proteins below).
Therefore, both hierarchical clustering and PC analyses
showed that the CECT2100 and CECT2996 strains had the
most similar proteome maps, and they tend to cluster to the
CECT20518 strain. On the other hand, the CECT2850 and T4
strains had similar proteome maps and were clustered to the
B05.10 strain. By relating the host-strain specificity to these
statistical analyses, both studies grouped the CECT2100 and
CECT2996 strains as the closest related, which were isolated
from Vicia fabae and Phaseolus vulgaris, respectively. These
plants belong to Fabaceae family, for what it is expected that
both strains are more closely related. The B05.10 and
CECT20518 strains were the farthest according to the accumu-
lated proteome in the culture conditions described here, even
though these two strains were isolated from Vitis.
In the 2-DE analysis, 34 spots were considered as the most
abundant (log-transformed spot volume >3.9 in some of the 6
strains), 21 of which belonged to B. cinerea core proteome being
present in all strains. Twenty-eight abundant protein spots
were identified by MALDI-TOF/TOF MS/MS corresponding
to 30 different protein species (Supplementary Table 5).
With respect to the variable spots, we considered those with
log-transformed relative spot volume >3.0 in order to facilitatespots generated by cluster analysis (A) and PCA (B) from
f the strains was plotted in the first two component spaces. A
tive of similarity in their expression profiles.
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qualitative and 19 statistically significant quantitative differ-
enceswere found after statistical analysis (Supplementary Table
6), of which 45 protein spots (36 qualitative and 9 significant
quantitative differences, respectively) were identified corre-
sponding to 40 different protein species (Fig. 1). All the
MALDI-TOF/TOF identifications were performed using the
NCBInr database byMASCOT search engine. To unify the protein
accession numbers for the B05.10 and T4 strains, we used the
UniprotKB database format (http://www.uniprot.org/). Identifi-
cation data and representative spectra generated by the
MALDI-TOF/TOF analysis are shown in Supplementary Data 1
and Supplementary Fig. 2, respectively.
The identified proteins were classified regarding the biolog-
ical process of each gene product, as annotated in the UniprotKB
database. For proteins lacking exact functional annotations in
this database, we used family and domain databases (InterPro
and Pfam) to reveal annotations of their conserved domains.
With respect to themost abundant proteins, most of themwere
involved in carbohydrate and energy metabolism (27%), protein
processes (synthesis, folding, assembly, fate and degradation)
(17%), or amino acid metabolism (14%) (Fig. 5A, Table 3). The
main categories found in proteins with qualitative and quanti-
tative differences were related to redox processes (18–35%),
carbohydrate and energy metabolism (11–19%), and amino acid
metabolism (8–13%) (Fig. 5B, Table 4). Moreover, a high number
of identified protein species had unknown functions in the
most abundant protein spots (20%), as well as qualitative and
quantitative differences (13–21%).
Six protein species were identified involved in carbohy-
drate and energy metabolism (Table 4). The malate dehydro-
genase (BC1G_10724; BofuT4_P151770.1) (spot 6304) was found
in all the strains with significant quantitative differences
(Fig. 6). This enzyme catalyzes the reversible conversion of
oxalacetate and malate. Oxalacetate is an oxalic acid precur-
sor that has been described as a pathogenicity factor inFig. 5 – Gene ontology classification of proteins identified by 2-D
biological process of each gene product according to the Uniprot
functional annotations in this database, the family and domain
annotations of their conserved domains. Number of protein speci
abundant proteins (log-transformed intensity >3.9; if above the b
abundant proteins), and (B) to significant variable spots to each sB. cinerea [53]. The physiological roles of oxalic acid in
pathogenesis are numerous [7]: this enhances the activity of
polygalacturonases to promote cell wall degradation, inhibits
plant-protection enzymes, suppresses the plant oxidative
burst, deregulates stomatal guard cell closure, mediates pH
signaling, induces apoptosis-like cell death and alters the
cellular redox status in the plant. Each of these activities
separately may facilitate infection. The biological functions of
oxalic acid rely on a dynamic balance of production and
breakdown and not simply on a system of maximal synthesis
and accumulation [7]. The secretion of oxalic acid creates an
acidic environment appropriate for the expression and
secretion of virulence factors, such as cell wall degrading
enzymes (CWDEs) in B. cinerea [54], peptidases [55], and the
biosynthesis and secretion of phytotoxins, such as botrydial
and dihydrobotrydial that are secreted exclusively in acidic
media [56]. A combination of the absence of these two toxins
with a low malate dehydrogenase expression level was found
in the B. cinerea 1.11 strains less virulent than in the CECT2100
strain. This entails that this enzyme plays a key role in the
cascade of events leading to the plant cell death and,
therefore, it is essential for the whole infection process [52].
Curiously, the malate dehydrogenase level was higher in the
CECT2100 and CECT2996 strains (Fig. 6), isolated from green
material (V. faba leaves and P. vulgaris plants, respectively)
whose pH > 6 [54], and making these strains need a higher
flux of oxalic acid production to acquire the adequate
environment to secrete CWDEs, peptidases and toxins.
The generation of reactive oxygen species (ROS) has been
associated with defense responses in plant–fungus interac-
tions. Whereas ROS-mediated plant cell death is detrimental
for biotrophic fungal pathogens, the generation of ROS seems
advantageous for a necrotrophic pathogen. This raises ques-
tions, however, like how B. cinerea thrives in a highly oxidative
environment [7]. Six identified proteins involved in redox
processes belonged to the short-chain dehydrogenases/E combined with MALDI-TOF/TOF MS/MS, according to the
database (http://www.uniprot.org/). For lacking exact
databases (InterPro and Pfman) were used to reveal
es belonging to a certain category with respect to (A) the most
ar, it represents the percentage corresponding to the total
train.
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which are known to be NAD- or NADP-dependent oxidore-
ductases (Table 4). For instance, mannitol dehydrogenase
(mtd1; BofuT4_P113370.1) was identified in two protein spots
(4204 and 5203), and detected in all strains except in the
CECT2996 strain or with significant quantitative differences in
these spots, being less abundant in the same strain, respec-
tively (Fig. 6). In Ascomycetes, this enzyme may produce
mannitol via fructose-6-P, and fructose in the mannitol cycle
[57]. Mannitol is supposed to have different roles in fungi,
including osmoregulation, serving as a storage or translocated
carbohydrate, as a source of reducing power, regulating
cytoplasmic pH by acting as a sink or source for protons, and
quenching ROS both in vitro and in vivo [58]. A role for
mannitol in antioxidant defense has also been supported by
experiments with Saccharomyces cerevisiae, Alternaria alternata,
and the rust fungus Uromyces fabae [58]. In previous studies,
mannitol was found in large amounts in developing B. cinerea
mycelium [59]. A potential physiological role has been
assigned to the mannitol dehydrogenase pathway. This
pathway is likely to be dedicated to a favorable conversion of
fructose into mannitol and, conversely, to mannitol degrada-
tion during osmotic stress response [57]. Moreover, the
interconnection of mannitol metabolism with the central
carbohydrate pathway has been suggested, and these pro-
cesses could regulate carbon metabolic fluxes, as well as be
involved in the osmotic stress response. Mannitol degradation
during the osmotic stress response could be involved in the
osmo-adaptation. In this case, this enzyme was accumulated,
and it was suggested that the mannitol dehydrogenase could
be preferentially dedicated to mannitol degradation [57].
Therefore, mannitol may constitute an easily mobilizable
carbon store, used for growth and dissemination, but also to
cope with stresses and to maintain hyphal turgor pressure
[57]. Other protein species identified belonging to the defense
arsenal against ROS were a protein similar to catalase
(BC1G_12146; BofuT4_P056610.1) detected only in the B05.10
strain, a protein similar to antioxidant peroxiredoxin-2D
(BC1G_09932; BofuT4_P055910.1) only absent in the B05.10
strain, and a protein similar to glyoxal oxidase (BC1G_03729;
BofuT4_P022080.1) not detected in the CECT2110 strain
(Table 4). The protein similar to antioxidant peroxiredoxin-
2D (spot 1008) was not detected in the B05.10 strain. Protein
identification by nUPLC–MSE, however, revealed it in both, the
B05.10 and the T4 strains [26]. This may be explained by
considering that this spot may be hidden behind the most
abundant spot, 2002 (Fig. 1). The glyoxal oxidase was also
found to be secreted in the B05.10 and T4 strains, and it will be
discussed later.
The cyanide hydratase (BC1G_10112; BofuT4_P068340.1)
was not detected in the T4 and CECT2100 strains (spot 6402,
Fig. 6). This result was shown by nUPLC–MSE analysis, where
the enzyme was identified only in the B05.10, but not in the T4
strain [26]. The cyanide hydratase catalyzes the breakdown of
hydrogen cyanide to a less toxic compound: formamide [60].
This enzyme may confer tolerance and be a detoxification
mechanism against the generation of plant hydrogen cyanide,
which may represent a defense mechanism to protect
cyanogenic plants against pathogens [61]. Previous studies
have shown that V. vinifera and P. vulgaris are cyanogenicplants [62,63]. However, cyanogenesis is not known to occur in
Solanum lycopersum, V. fabae or Crocus sativus [63,64]. The
cyanide hydratase genes are present in the genome sequence
of the B05.10 and T4 strains with a 100% of homology. This
result confirms the genetic versatility of B. cinerea, whereby
this fungus is able to adapt its defense machinery to a
particular host, being in this case cyanogenic plants.
With respect to the proteins involved in protein synthesis,
assembly, fate and degradation, we identified 5 abundant
protein spots present in the six strains and 4 with qualitative
differences among the strains. It should be pointed out that
these last 4 proteins were not detected in the CECT2996
strain: the proteasome subunit alpha type (BC1G_08174;
BofuT4_P033640.1), a protein similar to prolyl aminopeptidase
(BC1G_04083; BofuT4_P036890.1), the chaperone protein DnaK
(BC1G_11661; BofuT4_P157360.1), and the peptidyl-prolyl cis–
trans isomerase (PPI or PIC5) (BC1G_03430; BofuT4_P133320.1).
The first three proteins are involved in protein degradation that
occurs frequently in response to stress. For example, as result of
the oxidative burst during the infection of a host plant by
B. cinerea, many different chemical defense responses are
produced by the host, such as the synthesis of phytoalexins and
pathogenesis-related proteins, as well as the lignification of the
plant cell wall [65]. These defense responses presumably impose
a stress on the pathogen, resulting in a temporary cessation of
fungal growth, referred to as a quiescent phase.When fungistasis
leads to proteinmisfolding, aberrant proteinsmay accumulate in
the fungus and must be removed. One way of removing
non-functional proteins is by proteasomes through a process
requiring ubiquitination of proteins [65]. Moreover, proteasomal
protein degradation was expressed at increased levels in
Aspergillus nidulans osmoadapted cells. It is therefore interesting
to note that in conjunction with increased expression of protein
chaperones, this fungus was adapted to increase salt concentra-
tion in its environment by an increased protein turnover [66]. The
peptidyl-prolyl cis–trans isomerase (PPI or PIC5) (BC1G_03430;
BofuT4_P133320.1) performs protein folding by catalyzing the
isomerization of peptide bonds preceding proline residues [67].
Sixteen and twenty PPI genes have been sequenced in the B05.10
and T4 strains, respectively. This protein, together with the
cyclophilinA (BCP1; BC1G_01740), is an important virulence factor
in the plant infection of rice by M. grisea [68], in the yeast
Cryptococcus neoformans [69], and in the later infection stages of
plant colonization by B. cinerea [70].
Finally, a large number of identified protein spots have
unknown functions, some of them with conserved domains
(Table 4). Esterase (ekdA; BofuT4_P024480.1) was identified in
two abundant spots (1006 and 7001), but not detected in the
CECT2100 and CECT2996 strains. This protein has the secre-
tion signal peptide and was also detected in the secretome
analysis, so that it will be discussed in Section 3.2 (see
Table 5). Other hypothetical proteins identified have con-
served domains that are involved in toxic compounds (ethyl
tert-butyl ether degradation domain) [71], or related to toxins
(aerolysin-like beta complex domain).
3.2. Secreted proteins
The secretome of phytopathogenic fungi is a key element in
their infection strategy. The second goal of this work was to
Table 3 – List of the most abundant protein spots identified in B. cinerea mycelium by 2-DE combined with MALDI-TOF/TOF MS/MS.











Carbohydrate and energy metabolism






Tr saldolase (EC 2.2.1.2)






AT synthase subunit beta (EC 3.6.3.14)






En ase (EC 4.2.1.11)




















Pu tive uncharacterized protein (transketolase)
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Ca oxypeptidase Y homolog A (EC 3.4.16.5)






Pe idyl-prolyl cis–trans isomerase (EC 5.2.1.8)






W onin body major protein






El gation factor 1-alpha
Transcriptional related proteins






Gu nine nucleotide-binding protein beta subunit
(B BL1, heterotrimeric G beta-like protein)
Amino acid metabolism






Pu tive uncharacterized protein (similar to
iso ropylmalate dehydrogenase)






Gl amine synthetase (EC 6.3.1.2)














































































Nucleoside diphosphate kinase (EC 2.7.4.6)
Redox processes













Mannitol dehydrogenase (EC 1.1.1.138)






Putative uncharacterized protein (similar to
short-chain dehydrogenase/reductase SDR)
Cell cycle






Putative uncharacterized protein (similar to septin)
Cytoskeleton dynamics





















Putative uncharacterized protein (similar to
cipC-like antibiotic response protein)






Putative uncharacterized protein (EthD_dom; Ethyl
tert-butyl ether degradation domain-containing protein)





















Predicted protein (ricin B lectin
domain-containing protein)






Predicted protein (aerolysin-like beta complex
and DFU946 domain-containing protein)
a Identification numbers provided by the PD-Quest Advance v8.0.1 software.
b Molecular weight (kDa) and pI calculated by using molecular weight standards and the PD-Quest Advance v8.0.1 software.
c Log-transformed volume spot.
d Molecular weight (kDa) and pI annotated in the UniprotKB database.
e Protein entry provided by the UniprotKB database.
f Gene name for the B05.10 (Botrytis cinerea sequencing project, Broad Institute) and T4 (Botrytis cinerea genome project, URGI) strains.
g Gene name for the Sclerotinia sclerotiorum strain ATCC 18683/1980/Ss-1 (Sclerotinia sclerotiorum sequencing project, Broad Institute).




































Table 4 – List of protein spots identified with qualitative and significant quantitative differences in B. cinerea mycelium by 2-DE combined with MALDI-TOF/TOF MS/MS.
SSPa Exp.
Mw/pI b











Carbohydrate and energy metabolism






Putative uncharacterized protein (similar
to phosphoglucomutase)






Triosephosphate isomerase (EC 5.3.1.1)






Mitochondrial import receptor subunit TOM40






Putative uncharacterized protein (similar to
aldose 1-epimerase)






Putative uncharacterized protein (transketolase)






Malate dehydrogenase (EC 1.1.1.37)
Protein synthesis, assembly, fate and degradation






Proteasome subunit alpha type 1 (EC 3.4.25.1)






Similar to prolyl aminopeptidase













Peptidyl-prolyl cis–trans isomerase (PIC5 protein)
Transcriptional related proteins






Putative uncharacterized protein (similar to
nucleolar protein 13)
Amino acid metabolism






Argininosuccinate synthase (EC 6.3.4.5)






Putative uncharacterized protein (Similar to
isopropylmalate dehydrogenase)























S-adenosylmethionine synthetase (EC 2.5.1.6)
Lipid metabolism and catabolism

















































































Putative uncharacterized protein (similar to
heat shock protein STI1)






Putative uncharacterized protein (similar to
glutathione S-transferase protein)






Putative uncharacterized protein (similar to
catalase)
Redox processes













Putative uncharacterized protein (short chain
dehydrogenase/reductase)













Putative uncharacterized protein (similar to
aldehyde dehydrogenase)






Putative uncharacterized protein (similar to
glyoxal oxidase)






Mannitol dehydrogenase (EC 1.1.1.138)






Putative uncharacterized protein (similar to
aldo/ketoreductase)






Putative uncharacterized protein (similar to
aldehyde dehydrogenase)






Mannitol dehydrogenase (EC 1.1.1.138)






Putative uncharacterized protein (similar to
short-chain dehydrogenase/reductase SDR)






Putative uncharacterized protein (similar to
1.3.8-naphthalenetriol reductase)











Putative uncharacterized protein (similar to
truncated flavohaemoglobin)









































































Putative uncharacterized protein (similar to
truncated flavohaemoglobin)






Putative uncharacterized protein (similar to
truncated flavohaemoglobin)
Unknown function






Putative uncharacterized protein (cyanovirin-N
domain-containing protein)













Putative uncharacterized protein (ethyl tert-butyl
ether degradation domain-containing protein)














Predicted protein (aerolysin-like toxin beta
complex and mannose-binding lectin
domain-containing protein)






Predicted protein (ricin B lectin
domain-containing protein)




















Predicted protein (ricin B lectin
domain-containing protein)






Predicted protein (DUF946 and aerolysin-like
toxin beta complex domain-containing protein)






Predicted protein (DUF946 and aerolysin-like
toxin beta complex domain-containing protein)
a Identification numbers provided by the PD-Quest Advanced v8.0.1 software.
b Molecular weight (kDa) and pI calculated by using molecular weight standards and the PD-Quest Advanced v8.0.1 software.
c Log-transformed volume data.
d ANOVA statistical analysis.
e Molecular weight (kDa) and pI annotated in the UniprotKB database.
f Protein entry provided by the UniprotKB database.
g Gene name for the B05.10 (Botrytis cinerea sequencing project, Broad Institute) and T4 (Botrytis cinerea genome project, URGI) Strains.


















































Fig. 6 – Qualitative and significant quantitative changes in protein species of interest, identified by MALDI-TOF/TOF MS/MS
from B. cinerea mycelium 2-DE analysis.
209J O U R N A L O F P R O T E O M I C S 9 7 ( 2 0 1 4 ) 1 9 5 – 2 2 1study the secreted proteins by the same six B. cinerea
wild-type strains in the same conditions as described above.
Because of the low content of secreted proteins that did not
enable an appropriate 2-DE analysis, the 1-DE coupled to
MALDI-TOF/TOF analysis was used to compare the secretome
profile of the six wild-type strains. Moreover, a label-free
shotgun nUPLC–MSE analysis was performed to identify andquantify the secreted proteins of the two sequenced B. cinerea
strains (B05.10 and T4).
3.2.1. One-DE coupled toMALDI-TOF/TOFMS/MS identification
The three biological replicates were combined for down-
stream analysis due to the low amount of secreted proteins.
Previous studies on the secretome found a low complexity in
Table 5 – List of proteins identified in B. cinerea secretome by 1-DE combined with MALDI-TOF/TOFMS/MS. Comments of inter t about some proteins are included. (n.d.: not
detected protein in band).
Band
#
Identified proteinsa Strains Comments
B05.10 T4 CECT2100 CECT2850 CECT2996 CECT20518
1 Glucoamylase (BC1G_04151; BofuT4_P095270.1) x n.d. x n.d. n.d. n.d. Band most intense with a relative quantity perc tage between 16.1 and 62.6% of the total band abundance per
strain (Fig. 7B). In this band, three different pro in species were detected. The glucoamylase (BC1G_04151;
BofuT4_P095270.1) was also identified in the CE T2100 strain secretome by 2-DE analysis in a previous work,
which was performed using conidia grown in si ilar liquid minimal media supplied with amore simple carbon
source such as glucose, and other more comple such as starch, pectin, cellulose and tomato cell wall [46].
However, in another similar work carried out u ng the B05.10 strain, this protein was not identified by 1-DE




n.d. x n.d. x x x
Conserved hypothetical protein (polysaccharide
deacetylase 1 domain) (BC1G_00448;
BofuT4_P045480.1)
n.d. n.d. n.d. x n.d. n.d.
2 Conserved hypothetical protein (berberine
domain) (BC1G_07482; BofuT4_P001770.1)
x n.d. x x n.d. x
3 α amylase 1 (BC1G_02623; BofuT4_P108490.1) x x x x x x The third band in abundance oscillating betwe 0.6 and 3.0% (Fig. 7B).
Conserved hypothetical protein (BC1G_12383;
BofuT4_P024000.1)
n.d. n.d. n.d. n.d. x n.d.
4 Carboxypeptidase S1 BC1G_14591;
BofuT4_P119560.1)
x n.d. x x n.d. x
5 Pectinesterase precursor (BC1G_06840) x x x n.d. n.d. x
Pectin methyl esterase (bcpme1)
6 Endo-polygalacturonase precursor (BC1G_11143;
BofuT4_P089370.1)
x x n.d. x x x These proteins were not detected in the CECT2 0 strain by Fernandez-Acero et al. [46].
Pectinesterase precursor (BC1G_11144;
BofuT4_P089390.1)
n.d. x n.d. x x x
7 Rhizopuspepsin-2 (aspartic protease BcAP8)
(BC1G_03070; BofuT4_P134040.1)
The second most intense band oscillating betw n 0.8 and 26.7% (Fig. 7B). This protein was one of the three
most abundant proteins in the CECT2100 strain nd this result was similar to the obtained in Fernandez-Acero
et al. [46].
8 Glucan 1.3-beta-glucosidase precursor
(BC1G_11898; BofuT4_P026990.1)
x x n.d. x x x This protein was not detected in the CECT2100 rain by Fernandez-Acero et al. [46].
9 Allergen Asp f 15 precursor (cerato-platanin
domain, BcPLS1) (BC1G_02163; BofuT4_P011930.1)
x x x? x x x The fourth band in abundance (Fig. 7B). This pr ein was not previously identified in the CECT2100 strain [46].
However, instead of this protein, the esterase Ek a (ekda; BofuT4_P024480.1) was identified, having a similar Mr
in the virtual 2-DE image; although one spot w missing without identification [46]. For this band
corresponding to the CECT2100 strain, we did n t obtain positive protein identification.
10 Esterase (ekdA; BofuT4_P024480.1) x x n.d. x n.d. x This enzyme was found in mycelium analysis b DE in the same strains in two different spots (1006 and 7001),
being one of the most abundant proteins, and s gesting that this protein is highly accumulated in the fungal
cells and then secreted. In the CECT2100 strain his protein was identified [46]. However, for both the band 9
and spot 1009 (corresponding to secretome and ycelium analysis, respectively) from this strain, it was not
possible to obtain positive protein identificatio The esterase EkDa was not found in the B. cinerea B05.10
sequence database, because the genome of this train is not yet fully sequenced. The esterase sequence,
nevertheless, is known in the B. cinerea T4 (Bofu 4_P024480.1) and SAS56b (ekdA) strains. This protein was also
found to be variable in the protein profile of dif rent B. cinerea avirulent mutants (Gonzalez-Fernandez and
Jorrin-Novo, unpublished results).
a In brackets, the gene name for B05.10 (Botrytis cinerea sequencing project, Broad Institute) and T4 (Botrytis cinerea genome project, URGI) is indi ted.





























































Fig. 7 – (A) One-DE protein profile of B. cinerea wild-type strain secretome. Proteins were separated on precast Criterion Stain
Free Gels, Tris–HCl, 8–20% linear gradient (Bio-Rad). On the left, position of the molecular weight marker proteins. On the right,
the bands identified by MALDI-TOF/TOF MS/MS are indicated (the band highlighted in red was used for band normalization).
(B) Relative quantity percentage of the 1-DE band analysis made using Image Lab™ software (Bio-Rad) from secreted proteins
by the six B. cinerea wild-type strains. These values were calculated with respect to the sum of the quantity of all detected
bands in each strain.
211J O U R N A L O F P R O T E O M I C S 9 7 ( 2 0 1 4 ) 1 9 5 – 2 2 1the secreted B. cinerea protein profile, especially when the
fungus was grown in liquid media with a simple carbon
source, like glucose or sucrose [45,46,72,73]. Therefore, we
used a simple, fast technique as the 1-DE using the Criterion
Free Stain™ precast gels (Bio-Rad). The complexity of the
protein mixture was relatively low for the six wild-type
strains, and the protein profile was very different among
strains (Fig. 7A). We detected between 12 and 23 bands in the
130–10 kDa Mw range (Supplementary Table 7). In the six
strains, a big variation in band intensity is observed, with
most bands showing high intensity, while others being quite
faint or missing, such as for example band 1, 6, 7, 9 or 10
(Fig. 7A). A total of 38 bands from the six strains were cut out
to perform the MALDI-TOF/TOF MS/MS analysis. Twenty-
eight bands had a positive protein match corresponding to 16
different protein species that had the predicted signal peptide
(Table 5, Supplementary Table 8, Supplementary Fig. 3). These
protein species were classified according to the biological
process of each gene product and following the annotations in
the UniprotKB database, as it was described before. Three
main categories were found corresponding to cell wall
degradation (including pectin degrading and carbohydrate
metabolism involving-proteins), proteolysis and redox pro-
cesses. Finally, four protein species had unknown functions,
in spite of their conserved domain (Table 5). It is worthy to
note that in all strains, there are always a small number of
proteins that are highly secreted. According to this estima-
tion, each case 2–6 of the identified proteins constituted more
than 50% of the total protein in the extracts (Fig. 7B). Six of the
ten identified bands showed qualitative differences among
the strains, while the other four were detected in all the
strains. Identification data and representative spectra gener-
ated by the MALDI-TOF/TOF analysis are shown in Supple-
mentary Data 2 and Supplementary Fig. 4, respectively.3.2.2. Label-free shotgun nUPLC–MSE analysis of B05.10 and
T4 strain secretome
Due to the fact that the MALDI-TOF/TOF MS/MS was only able
to identify the most abundant 1-DE bands gel, we used a more
sensitive approach like the label-free shotgun nUPLC–MSE
technology, described by Silva et al. [44] to identify and quantify
proteins from the two most studied strains of B. cinerea, the
B05.10 and T4 strains. This label-free shotgun approach takes
the precursor ion intensities of the three most efficiently
ionized peptides of a protein in order to calculate a measure
for its abundance [44]. Protein abundances were calculated by
summing the intensities of the three most abundant peptides
of each protein. For protein absolute quantification, 100 fmol of
yeast enolase were added as a standard, as it was described in
the Materials and methods section. Secreted proteins by fungi
have several associated difficulties for LC-based proteomic
analyses related to the high presence of interfering com-
pounds, such as the polysaccharides and polyphenolic com-
pounds secreted by the fungi. These interfering compounds
can be removed by the use of TCA/acetone–phenol protein
extraction method [32]. Moreover, a cleaning step was added
before the protein digestion using 2-D Clean-up kit (GE
Healthcare). To perform the label-free shotgun nUPLC–MSE
analysis, 1 μg of proteins from the same protein extract used
for 1-DE was cleaned and digested with trypsin. Five analytical
replicates of tryptic peptides were injected per strain. In this
case, the Botriotinia fuckeliana (the B05.10 strain) downloaded
fromUniProtKBwas used for protein identification, since this is
a database of common use in proteomics with fully standard-
ized information. Even so, the identifications were manually
verified using the Broad Institute Botrytis cinerea database.
After LC–MSE analysis, only proteins with at least three
identified peptides were considered for identification and
quantification.
212 J O U R N A L O F P R O T E O M I C S 9 7 ( 2 0 1 4 ) 1 9 5 – 2 2 1Averages of 897 ± 93 and 803 ± 36 peptides were identified
in the B05.10 and T4 strains, respectively. With respect to the
identification, a protein was considered as identified if it was
detected in at least three of the five replicates. Taking into
account these restrictions, a total of 78 different protein
species were identified: 63 in the B05.10 strain, and 51 in the
T4 strain. When comparing the B05.10 strain versus the T4
strain, we considered a protein as present if it was detected at
least in four of the five replicates. With this restriction, a total
of 44 protein species were found in both strains, being 21 and
11 unique to the B05.10 and T4 strains, respectively (Fig. 8A).Fig. 8 – (A) Venn diagram corresponding to the identified protein
label-free shotgun nUPLC–MSE. Gene ontology distribution terms
proteins in the B05.10 (B) and T4 (C) strain secretomes. The num
indicated in brackets.Data relative to identified peptides and proteins are provided
in Supplementary Table 9 (Supporting Information). Only two
protein species did not have the predicted signal peptide
(Table 6). The identified proteins were further classified
regarding the biological process of each gene product, and
according to annotations in the UniprotKB database, as it was
described before. Identified proteins were classified into 6
functional groups (Fig. 8B and C, Table 6). The three major
categories of identified proteins were related to plant cell
wall degradation (33% in the B05.10 and 27% in the T4
strains) (including proteins involved in cuticle, pectin ands in secretome from the B. cinerea B05.10 and T4 strains by
based on their biological process obtained for the identified
ber of proteins and their corresponding percentage are
213J O U R N A L O F P R O T E O M I C S 9 7 ( 2 0 1 4 ) 1 9 5 – 2 2 1hemicellulose degradation and in carbohydrate metabolism),
proteolysis (19% in the B05.10 strain and 20% in the T4 strain),
and redox processes (12% in the B05.10 strain and 16% in the
T4 strain). A third part of the identified proteins had unknown
functions (27% in the B05.10 strain, and 33% in the T4 strain).
The genetic variability could be a major problem when trying
to quantitatively compare proteomes of different strains using
the label-free shotgun nUPLC–MSE technology described by Silva
et al. [44]. Recent genome updates have indicated a high protein
identity (about 90%) between B. cinerea B05.10 and T4 strains [3].
Furthermore, differences at the protein level are significantly
reduced at the peptide level because homologous proteins share
many identical tryptic peptides. With respect to relative quanti-
fication, a proteinwas quantified if it was detected in both strains
in at least three of the five replicates, with three identified
peptides as minimum. As a result, a total of 34 protein species
were quantified (Table 6). Significant differences in protein
abundance were considered with a ratio T4/B05.10 (R) between
0.5 > R > 2, t-test with p < 0.05, and CV < 25%. Considering these
restrictions, 6 protein specieswere foundup-accumulated and 12
down-accumulated in the B05.10 strain with respect to the T4
strain (Table 6). Data relative to quantified proteins are provided
in Supplementary Table 10 (Supporting Information).
The most abundant identified proteins found by 1-DE were
corroborated by nUPLC-MSE quantification (Table 6). Carboxy-
peptidase S1 (BC1G_14591; BofuT4_P119560.1) and BcAP8
(BC1G_03070; BofuT4_P134040.1) were found up-accumulated
in theB05.10 strain by both approaches (Table 6, Supplementary
Fig. 3). In the case of the two pectinesterases (BC1G_06840;
BC1G_11143, BofuT4_P089370.1), the glucan 1,3-β-glucosidase
(BC1G_11898; BofuT4_P026990.1) and the α-amylase 1 (BC1G_
02623; BofuT4_P108490.1) were found up-accumulated in the T4
strain by both techniques (Table 6, Supplementary Fig. 3).
Moreover, the glucoamylase (BC1G_04151; BofuT4_P095270.1)
and the choline dehydrogenasewere detected in the B05.10 and
T4 strains by nUPLC–MSE, but this was not possible by 1-DE
method (Table 6, Supplementary Fig. 3). Other abundant
proteins with quantitative differences as the predicted proteins
(BC1G_09084) and (BC1G_00896; BofuT4_P018370.1) were only
identified, however, by nUPLC–MSE. Finally, BcPLS1 (BC1G_
02163; BofuT4_P011930.1) showed a similar protein amount in
both strains and analyses (Table 6, Supplementary Fig. 3).
B. cinerea is equipped with an army of CWDEs able to degrade
the host cuticle and cell wall, and thus allowing the plant tissue
colonization and the release of carbohydrate of consumption [79].
This fungus shows preference for dicotyledoneous plants rich in
pectin, which is the major host cell wall component. Pectin-
degrading enzymes play an important role in cell wall degrada-
tion and successful fungal invasion. Pectinesterases de-esterify
pectin produce poly-galacturonic acid and methanol, and facili-
tate the subsequent action of the polygalacturonases and pectate
lyases. Polygalacturonases hydrolyze the internal (1–4) linkage
between D-galacturonic acid units of pectin. Finally, pectin
lyase cleaves polygalacturonic acid into oligogalacturonides via
β-elimination. We have found two pectinesterases (BC1G_06840,
BofuT4_P131540.1; BC1G_11144, BofuT4_P089390.1), one endo-
polygalacturonase BcPG1 (BC1G_11143; BofuT4_P089370.1) and
one pectin lyase A (BC1G_07527; BofuT4_P084040.1), combining
1-DE-MALDI-TOF/TOFMS/MS and label-free shotgun nUPLC–MSE
techniques. Two endo-polygalacturonase (BcPG1 and BcPG2) outof the six previously characterized have been reported to be
required for full virulence [9]. Moreover, PGs have an elevated
genetic variation, and a specialization among PGs and their
potential diversification interacting directly with host defenses
has been found in B. cinerea [74]. In this work, only the BcPG1 was
detected in all strains except in the CECT2100. This enzyme
exemplifies the adaptable secretome nature depending on the
host-strain specificity. Similar resultswere shownby Espino et al.
[45] in early secretome, where the BcPG1 was secreted by the
B05.10 strain grown in glucose, tomato or kiwifruit, although it
was almost absent in strawberry [45]. This example emphasizes
the diversity of the B. cinerea armament resulting in an over-kill
strategy, so that the arming that is required for full virulence in
one host is not even used in a different one [45].
With respect to the identified proteins involved in carbohy-
dratemetabolism,we foundseveral enzymes,whichare included
in the fungal cell wall, that could take part in the metabolism of
β-1,3-glucans. This polysaccharide is a β-(1,3)(1,6)-D-glucan
secreted by B. cinerea in high amounts to the medium for which
several functions have been proposed, including extracellular
energy storage or the adhesion of the conidia to plant surface
during germination [75]. The glucan β-1,3-glucosidase (BC1G_
11898; BofuT4_P026990.1) is potentially involved in the degrada-
tion of this polymer, andmay contribute to activate the induction
of theprogrammed cell death in plant cells by generating elicitors
in the form of β-(1,3)(1,6)-oligomers [45].
The high amount of proteins identified in the B05.10 and T4
strains involved in proteolysis could be explained due to their
role, regarding three aspects, namely: i) generating amino acids
to sustain fungal growth; ii) contributing to cell wall softening
(e.g. for degrading the extensions) and therefore to fungal
hyphal penetration; and iii) degrading the defense proteins
which plants secrete against the pathogens. The high diversity
of the proteases foundmay also be reflecting the diverse nature
of their substrate. Unlike polysaccharides, which have a more
fixed structure, plant proteins have an incredible diversity of
structures by nature, and it may be needed a diverse pool of
protease for its degradation [45].
The active generation of an oxidative burst by B. cinerea
during infection, together with one generated by the plant as
defense mechanism, has also been considered as a key
component of its invasion strategy [1,7,9]. There are numerous
extracellular enzymes that have been previously character-
ized as potential ROS generators in fungi [45]. An example is
glyoxal oxidase (BC1G_01204.1; BofuT4_P029600.1), which has
proved to be an important determinant of cell morphology
and virulence in B. cinerea, Ustilago maydis or Phanerochaete
chrysosporium. This is because this enzyme may also produce
H2O2, together with other enzymes as superoxide dismutase
that might be essential for successful infections [76]. This
protein therefore appears to be a good candidate in the
search of the proteins responsible for the ROS generation by
B. cinerea.
B. cinerea has been proposed to take advantage of the plant
defense response known as the hypersensitive response (HR)
for its own benefit [1,8,9]. HR is a form of programmed cell
death that can effectively defend plants against biotrophs, but
it might render themmore susceptible to necrotrophs such as
B. cinerea. One protein that can help induce HR in plants was
found in the analyzed secretomes. The BcPLS1 (BC1G_02163.1/
Table 6 – Protein species identified in B. cinerea secretome by 1-DE combined with MALDI-TOF/TOF MS/MS and label-free shotgun nUPLC-MSE analyses.












B05.10 T4 CECT2100 CECT2850 CECT2996 CECT20518
Cell wall degradation
Cuticle degradation
A6S5C2 4 0 BC1G_08314 Cutinase precursor 24.1/5.08 1.000Y n.d.
G2XN51 BofuT4_P014350.1 24.1/5.08
Pectin degradation
A6SF96 5 5 BC1G_11144 Pectinesterase precursor 34.5/6.14 1.000Y 4.3 6 n.d. x x n.d. x n.d.
G2YFJ2 BofuT4_P089390.1 34.5/6.14
A6S2B6 5 5 BC1G_06840 Pectinesterase precursor
(EC 3.1.1.11)
26.5/7.87 0.8767 16.4 5 x x x n.d. x x
G2YQS6 BofuT4_P131540.1 37.2/6.28
A6SF95 5 5 BC1G_11143 Endo-polygalacturonase
precursor
37.9/8.05 1.000Y 1.3 6 x x x n.d. n.d. n.d.
G2YFJ0 BofuT4_P089370.1 37.9/8.05
A6S3Z9 0 5 BC1G_07527 Pectin lyase A precursor 40.3/8.13 0.999Y n.d.
G2YJG3 BofuT4_P084040.1 40.3/8.13
Hemicellulose degradation
A6SEW8 5 5 BC1G_10789 Alpha-L-arabinofuranosidase
precursor
34.4/6.49 1.000Y 1.4 n.d.
G2XSG1 BofuT4_P064400.1 34.4/6.49
A6S4Z7 4 0 BC1G_07768 Acetylxylan esterase 1 precursor 38.1/8.37 0.963Y n.d.
G2Y4D3 BofuT4_P006820.1 38.0/6.28
Carbohydrate metabolism
A6SHB2 5 5 BC1G_11898 Glucan 1,3-beta-glucosidase
precursor
31.9/4.50 0.999Y 4.3 8 x x n.d. x x x
G2YAS4 BofuT4_P026990.1 31.9/4.50
A6RTQ2 5 5 BC1G_04151 Glucoamylase (EC 3.2.1.3) 70.6/5.38 0.912Y 0.1 1 x n.d. x n.d. n.d. n.d.
G2YDH1 BofuT4_P095270.1 70.6/5.38
A6RQA0 5 5 BC1G_02623 Alpha-amylase 1 precursor 47.2/5.90 0.994Y 2.4 3 x x x x x x
G2Y763 BofuT4_P108490.1 54.3/5.53
A6S3D7 5 5 BC1G_07319 Hypothetical protein similar to
1,3-beta glucanase
83.2/4.63 0.999Y 0.6 n.d.
G2XPX3 BofuT4_P071570.1 83.2/4.63
A6SE04 5 5 BC1G_10455 Glycolipid-anchored surface
protein 5 precursor
47.7/4.76 0.998Y 4.7 n.d.
G2YE59 BofuT4_P093290.1 47.7/4.76
A6S7U7 5 5 BC1G_09079 Conserved hypothetical protein
(glycoside hydrolase family 17 protein)
44.1/4.34 0.999Y 0.9 n.d.
G2YBN8 BofuT4_P100330.1 44.1/4.34
A6S3P3 3 5 BC1G_07215 Beta-hexosaminidase alpha chain precursor 65.9/5.46 0.999Y 4.6 n.d.
G2YMJ5 BofuT4_P137670.1 65.9/5.46
A6SMU8 3 5 BC1G_14030 Beta glucanosyltransferase 56.6/4.37 1.000Y 8.0 n.d.
G2YBF1 BofuT4_P102430.1 56.6/4.37




A6S963 5 0 BC1G_08755 Glucoamylase precursor 59.2/5.49 0.997Y n.d.
G2YLS6 BofuT4_P000210.1 67.0/5.29




A6RQJ1 5 0 BC1G_02714 Conserved hypothetical protein
(glycoside hydrolase family 25 protein)
35.1/8.04 0.992Y n.d.
G2Y130 BofuT4_P118950.1 34.2/7.29




A6RI40 5 0 BC1G_00111 Alpha-galactosidase A precursor 55.4/4.77 0.8697 n.d.
G2XZK2 BofuT4_P049070.1 58.7/4.82




A6SBI0 5 0 BC1G_10231 Beta-glucosidase 1 precursor 93.7/5.98 1.000Y n.d.
G2YGI5 BofuT4_P086620.1 93.6/6.09










































A6SNL1 5 5 BC1G_14591 Carboxypeptidase S1 50.2/4.74 1.000Y 0.2 4 x n.d. x x n.d. x
G2XZY6 BofuT4_P119560.1 51.5/4.64
A6SJU5 5 5 BC1G_12776 Tripeptidyl peptidase 66.5/5.07 1.000Y 1.2 n.d.
G2YAG6 BofuT4_P104230.1 66.5/5.07
A6S9T5 5 5 BC1G_09565 Predicted protein (serine
carboxypeptidase S28 family protein)
44.7/4.80 1.000Y n.d.
A6S9T4 5 5 BC1G_09564 Predicted protein (serine
carboxypeptidase S28 family protein)
60.2/5.57 1.000Y 6.0 n.d.
G2YQJ4 BofuT4_P130720.1 60.2/5.57
A6RS43 5 5 BC1G_03070 Rhizopuspepsin-2 precursor
(aspartic protease, AP8)
39.7/5.43 0.999Y 0.3 7 x x x x x x
G2YQF2 BofuT4_P134040.1 39.7/5.43
A6RRR7 5 5 BC1G_02944 Tripeptidyl-peptidase 1 precursor 61.8/4.81 0.999Y 0.8 n.d.
G2Y3I7 BofuT4_P003860.1 61.8/4.81
A6RKK7 5 5 BC1G_00979 Tripeptidyl-peptidase 1 precursor 8.1/5.53 0.8832 0.8 n.d.
n.f. i –
A6RKK6 5 5 BC1G_00978 Tripeptidyl-peptidase 1 precursor 64.4/6.50 0.999Y 0.8 n.d.
G2Y9P3 BofuT4_P031950.1 61.4/5.89




A6SA11 5 0 BC1G_09180 Predicted protein 37.2/4.66 0.995Y n.d.
G2Y5K8 BofuT4_P112580.1 37.2/4.66
A6RT06 5 0 BC1G_03579 Aspergillopepsin A precursor 44.2/5.35 1.000Y n.d.
G2XY33 BofuT4_P120760.1 44.2/5.35
A6RKQ4 5 0 BC1G_01026 Tripeptidyl-peptidase 1 precursor 62.5/4.44 0.975Y n.d.
G2Y9J4 BofuT4_P031460.1 62.5/4.44




A6S783 3 0 BC1G_08658 Carboxypeptidase B precursor 46.3/5.88 0.993Y n.d.
G2YNX4 BofuT4_P123410.1 101.5/7.94




A6RW23 0 4 BC1G_04810 Trypsin precursor 27.4/5.73 1.000Y n.d.
G2YX59 BofuT4_P149070.1 27.4/5.73
Redox processes
A6S6M5 5 5 BC1G_08553 Laccase precursor (Lcc2) 63.4/4.67 0.999Y n.d.
G2XUR3 BofuT4_P058130.1 63.4/4.67
A6RNJ9 5 5 BC1G_02021 Choline dehydrogenase 66.9/4.61 0.999Y 3.0 1 n.d. x n.d. x x n.d.
G2XTY7 BofuT4_P061670.1 66.9/4.61
A6RL82 5 5 BC1G_01204 Hypothetical protein similar to
glyoxal oxidase precursor
84.7/5.11 0.983Y 0.4 n.d.
G2Y908 BofuT4_P029600.1 84.9/5.06
A6S4G7 5 2 BC1G_07482 Conserved hypothetical protein
(berberine domain-containing protein)
51.8/5.04 0.994Y 2 x n.d. x x x x
G2YM82 BofuT4_P001770.1 51.8/5.05




A6SH17 3 1 BC1G_12117 Choline dehydrogenase 63.4/5.33 0.999Y n.d.
G2XWC5 BofuT4_P056960.1 62.3/5.16
A6SFZ9 1 5 BC1G_11266 Laccase precursor 64.7/5.15 0.999Y n.d.
G2YUE6 BofuT4_P156400.1 64.7/5.15
A6SCJ0 1 5 BC1G_10329 Laccase precursor 71.1/5.72 0.989Y n.d.
G2YER8 BofuT4_P092250.1 71.1/5.72





A6RRT8 5 5 BC1G_02965 Acid phosphatase precursor 49.3/5.18 0.996Y 4.9 n.d.
G2Y3F8 BofuT4_P003570.1 49.3/5.18
A6SJL9 3 0 BC1G_12914 Lysophospholipase precursor 57.2/4.35 0.999Y n.d.
G2YTK6 BofuT4_P160550.1 57.2/4.35





















































B05.10 T4 CECT2100 CECT2850 CECT2996 CECT20518
Function unknown proteins
A6SIV4 5 5 BC1G_12374 Predicted protein 19.0/4.49 0.999Y 0.6 n.d.
G2YFN8 BofuT4_P023950.1 19.0/4.49
A6S927 5 5 BC1G_08719 Conserved hypothetical protein
(similar to 3-carboxymuconate
cyclase-like protein)
44.5/4.92 0.9344 1.0 n.d.
G2YLW7 BofuT4_P000620.1 43.6/5.10
A6S7V2 5 5 BC1G_09084 Predicted protein 14.4/4.75 1.000Y 0.3 n.d.
n.f. –
A6RQH9 5 5 BC1G_02702 Conserved hypothetical protein
(kelch repeat domain-containing protein)
37.6/5.51 0.999Y 1.1 n.d.
G2Y140 BofuT4_P119050.1 37.6/5.51
A6RNZ1 5 5 BC1G_02163 Allergen Asp f 15 precursor (cerato-
platanin domain-containing protein;
protein related to plant expansins)
13.9/4.65 0.996Y 1.0 9 x x x x x x
G2XS80 BofuT4_P011930.1 13.9/4.52
A6RNN8 5 5 BC1G_02060 Predicted protein 17.2/3.95 0.999Y n.d.
G2XTU9 BofuT4_P061290.1 17.3/3.95





A6RKC5 5 5 BC1G_00896 Predicted protein 16.5/4.59 1.000Y 8.4 n.d.
G2YIJ4 BofuT4_P018370.1 16.5/4.59
A6RJ27 5 5 BC1G_00448 Conserved hypothetical protein
(polysaccharide deacetylase
1 domain-containing protein)
78.1/4.77 0.983Y 1 n.d. n.d. n.d. x n.d. n.d.
G2XYJ3 BofuT4_P045480.1 82.6/4.83
A6S0U0 5 1 BC1G_06314 Predicted protein 20.1/4.48 0.999Y n.d.
G2XQ76 BofuT4_P070400.1 21.2/4.51
A6SQH1 4 5 BC1G_15041 Conserved hypothetical protein
(lactonase, 7-bladed beta-propeller)
30.8/4.38 0.988Y 2.7 n.d.
G2Y9W4 BofuT4_P105290.1 42.6/4.36
A6SCY8 4 5 BC1G_10630 Sporulation-specific protein 2 precursor
(GPI-anchored cell wall organization protein)
41.1/4.29 1.000Y 7.4 n.d.
G2Y2F7 BofuT4_P115530.1 41.1/4.29
A6S947 4 5 BC1G_08739 Conserved hypothetical protein
(TolB-like protein)
36.4/5.86 0.9454 4.6 n.d.
G2YLU4 BofuT4_P000390.1 36.6/5.38




A6S3V3 5 0 BC1G_07275 Predicted protein 82.4/4.64 1.000Y n.d.
G2YMR8 BofuT4_P138400.1 82.4/4.64














































A6S6Y6 4 0 BC1G_08975 Hypothetical protein similar to
glycoside hydrolase family 95
86.2/5.70 0.962Y n.d.
G2XNE1 BofuT4_P074800.1 86.1/5.91
A6SC79 0 5 BC1G_10379 Predicted protein (CND3) 40.5/7.90 1.000Y n.d.
G2YJY7 BofuT4_P083380.1 43.4/7.43
A6SIW3 0 4 BC1G_12383 Conserved hypothetical protein
(WD40/YVTN repeat-like
domain-containing protein)
39.4/8.72 0.9341 3 n.d. n.d. n.d. n.d. x n.d.
G2YFP3 BofuT4_P024000.1 41.5/8.71




A6SF91 0 4 BC1G_11139 Conserved hypothetical protein 56.7/4.83 0.999Y n.d.
G2YFI6 BofuT4_P089330.1 54.0/4.50
Q00299 ekdA Esterase 13.1/9.20 0.8967 n.d.
G2YFU1 BofuT4_P024480.1 16.2/9.35
Non-signal peptide-containing proteins
A6RX32 5 0 BC1G_05297 Phosphatidylserine decarboxylase proenzyme 46.4/6.18 – n.d.
G2XQE6 BofuT4_P068910.1 46.4/6.18
A6S5Y2 4 0 BC1G_08198 Actin 41.6/5.45 – n.d.
G2Y819 BofuT4_P033890.1 47.9/5.87
a Protein accession provided by the UniprotKB database.
b Identified protein species times per replicate.
c Gene name for the B05.10 (Botrytis cinerea sequencing project, Broad Institute) and T4 (Botrytis cinerea genome project, URGI) strains.
d Molecular weight (kDa) and pI annotated in the UniprotKB database.
e Signal peptide prediction calculated by using the SignalP (http://www.cbs.dtu.dk/services/SignalP/) or SecretomeP (http://www.cbs.dtu.dk/services/SecretomeP/) servers.
f Ratio B05.10/T4.
g Number of the 1-DE band.
h Positive (x) and negative (n.d.) protein identification in 1-DE bands.
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cerato-platanin family, which have been reported to be
secreted proteins, acting as elicitors and, in some cases, as
pathogenicity factors [72]. This protein was found to have
high levels of secretion in the B05.10 strain grown in different
media supplemented with Arabidopsis leaf, strawberry fruit or
tomato fruit extracts [72], suggesting that this protein plays an
important role in host–pathogen interactions and that is
substrate independent.
It is remarkable that the predicted protein (Ricin B lectin
domain-containing protein) (BC1G_08642; BofuT4_P123260.1)
was also detected in mycelium by 2-DE analysis highly
accumulated in the B05.10 strain but not in the T4 strain (spots
3002 and 7003), and by label-free nUPLC–MSE [26]. The primary
structure analysis showed the presence of a similar domain in
many carbohydrate-recognition proteins, like plant and bacte-
rial AB-toxins, glycosidases or proteases [77,78]. Therefore, this
protein may be a potential virulence factor.
To date, other six studies of B. cinerea secretome have
been published to dissect its complexity and versatility
[45,46,72,73,79,80], in which 116, 21, 105, 56, 50 and 62
proteins were identified with confidence, respectively. Al-
though the strains and conditions used to prepare the
secretome samples were completely different in the meth-
odology used to isolate the proteins and, more important, in
the fungal growth conditions, the availability of these sets
of data gives us the opportunity to compare B. cinerea
secretome in quite different conditions. The comparison of
these sets of data seems to imply at first sight that B. cinerea
secretome is highly adaptive, in the sense that very different
sets of proteins are secreted when the growth conditions, the
age of the mycelium or the used strains differ. Therefore,
B. cinerea may greatly alter the composition of the secreted
protein pool to meet the requirements of the different
growing needs [24]. For example, recent works performed to
study the secreted protein role in the B. cinerea adaptation to
pH ambient [80] or to metal toxicity have been carried out
[79]. In the first study, proteins related to proteolysis were
induced at pH 4 (similar to mature fruit environment),
whereas most of the up-accumulated proteins were cell
wall degrading enzymes at pH 6 (similar to leaf environ-
ment). Therefore, pH ambient could regulate the expression
of secreted proteins in B. cinerea, whereby the fungus
activates the machinery required for invasion depending on
the tissue and host. In the second one [80], the fungus was
challenged to copper, zinc, nickel or cadmium stress, and
secreted proteins were collected and separated by 2-DE [79].
Fifty-five of 116 variable spots were associated with unique
proteins, and functional classification revealed that the
production of oxidoreductases and CWDEs was modified in
response to metals [79]. Summarizing all the secretome
studies including the present work, only 10% of the predicted
secreted proteins from B. cinerea has been identified [81]
using the methodology available at this moment.4. Conclusion
B. cinerea populations display a significant phenotypic variabil-
ity in their level of aggressiveness, oxidative burst occurringduring the infection, toxin production, and fungicide resistance
[1]. Fungal genetic versatility has been confirmed at the
proteome level in this work for both mycelium proteome and
secreted proteins, in conditions that resemble a constitutive
fungal growth and secretion. In the case of the mycelium
proteome, the main differences among strains were related to
proteins involved in redox processes, such as the mannitol
dehydrogenase. Moreover, a high number of hypothetical
proteins with conserved domains related to toxin compounds
or to unknown functions were identified, having qualitative
differences among strains. In the case of the secretome, some
CWDEs as two pectinesterases and the BcPG1, and the aspartic
protease BcAP8 have shown different behavior depending on
the strain. As in the mycelium proteome, a high number of
hypothetical proteins were identified in secretome. The identi-
fication of hypothetical proteins may suggest that the B. cinerea
strains differ mostly in processes involved in adaptation to a
particular environment or a growth condition, rather than in
essential metabolic reactions. These hypothetical proteinsmay
be good candidates as virulence factors and should be proposed
for further studies. B. cinerea populations may be slightly but
efficiently adapted to their different host plants, rather than in
terms of host preference than true host specialization. Indeed,
hosts and their parasites are involved in an evolutionary arms
race characterized by adaptation and counter-adaptation of
mechanisms of host defense and parasite attack. The selective
pressures exerted by plants may thus impact the evolution of
virulence factors at the population level [9]. Certain virulence
factors can be important for one isolate on one particular host
species, but theymight be dispensable on other host species, or
theymight be dispensable for a different isolate. The knowledge
of the infection strategies of necrotrophic pathogens as
B. cinerea should be helpful in establishing targets to promote
new strategies for environmentally-friendly control of plant
diseases. Proteomics tools are increasing their importance in
the quest for virulence factors in phytopathogenic fungi such as
B. cinerea. We have demonstrated that the use of complemen-
tary proteomic approaches — as gel-based and gel-free/
label-free — may help to validate the obtained data using
other omic approaches, as well as they may help to deepen in
the proteome characterization and comparison. For instance,
further omic approaches, including gel-based and gel-free/
label-free proteomics analysis, are being carried out to charac-
terize and validate a collection of B. cinerea mutants whose
infection cycle is affected (Mey G, personal communication).
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